Structural properties of the neutral and monoanionic forms of xanthosine, highly relevant to their substrate properties with various enzyme systems.
The monoanions of the 6-oxopurines guanine (Gua) and hypoxanthine (Hx), and their nucleosides, pKa approximately 9 due to dissociation of the N(1)-H, are predominantly in their neutral forms at physiological pH. By contrast, the monoanions of the 6-oxopurine xanthine (Xan) and xanthosine (Xao), were long ago proposed to involve dissociation of the N(3)-H, with pKa values of 7.5 and 5.7, respectively, so that, at physiological pH, the former is mixture of the neutral and monoanionic species, and the latter predominantly the monoanion. We have employed multi-dimensional heteronuclear NMR spectroscopy, which fully confirms the proposed mode of monoanion formation in Xao (and, by implication, in Xan), further supported by the results of ab initio quantum mechanical calculations, and additionally extended to determination of the preferred conformational parameters in solution for the neutral and monoanionic species. These findings are highly relevant to the modes of binding, and to the substrate properties, of Xan, Xao and its 5'-phosphate (XMP) in numerous enzyme systems, hitherto virtually ignored, and illustrated by several concrete examples.